Recognition of the normal magnetic resonance (MR) imaging appearances of the capsular ligaments of the knee is of great importance. These ligaments contribute to stability of the knee joint and are frequently injured. In this article, we describe the normal MR imaging anatomy of the capsular ligaments of the knee including the lateral and medial collateral ligamentous complexes, the extensor mechanism, and the supporting ligamentous structures of the proximal tibiofibular joint. Normal MR imaging findings and important anatomic variants of the neurovascular structures of the knee are also described.
The knee is a hinged synovial joint composed of the medial and lateral femorotibial compartments, patellofemoral compartment, and the proximal tibiofibular joint. The capsular ligamentous structures of the knee joint are complex. Knowledge of normal magnetic resonance (MR) imaging anatomy of these structures is important for further understanding and evaluation of complex ligamentous injuries.
In this article, we describe normal MR imaging findings of the medial and lateral supporting ligamentous structures and the extensor mechanism of the knee joint as well as the ligamentous structures of the proximal tibiofibular joint. The neurovascular structures of the knee and their important anatomic variants are also described.
Lateral Supporting Ligamentous Structures
The lateral supporting ligamentous structures of the knee are divided into 3 layers [1] (Figures 1-7) . The structures of the posterolateral corner are crucial for posterolateral stabilization of the knee and resist posterior translation, varus angulation, and external rotation [2e4] . The popliteus tendon is a dynamic stabilizer while the other structures are static stabilizers of the knee [2, 3] .
The structures in layer 1 are shown in Figures 1 and 2 . This layer consists of the lateral fascia, iliotibial band, and long and short head biceps femoris tendons. The iliotibial band, which represents the continuation of the tensor fascia lata, is found anteriorly, inserting on Gerdy's tubercle of the proximal tibia. The biceps femoris tendons are found posteriorly, with the majority of distal fibers inserting on the fibular head or styloid [1] . The long head of biceps femoris tendon has 2 armsdthe direct arm attaching to the anterior and posterolateral aspects of the fibular head and the anterior arm inserting slightly anterior to this region [5] . The short head of biceps femoris tendon is also composed of 2 armsdthe direct arm inserting just anterior to the fibular styloid process and medial to the anterior arm of the long head of biceps femoris tendon, and the anterior arm inserting onto the superolateral edge of the lateral tibial plateau [5] . The common peroneal nerve lies posterior and deep to the biceps femoris tendon.
Layer 2 consists of the lateral patellar retinaculum and patellofemoral ligament (PFL). In layer 2, the lateral retinaculum of the quadriceps muscle is found anteriorly and the PFL is found posteriorly [1] . Layers 1 and 2 are adherent to each other at the lateral margin of the patella.
Layer 3 consists of the posterolateral corner and usually includes the popliteus tendon, fibular collateral ligament (FCL), popliteofibular ligament (PFL), and the posterolateral joint capsule [2] . The posterolateral capsule is reinforced by the arcuate and fabellofibular ligaments (FFL), which are also considered posterolateral corner structures [2, 4] . This is the deepest layer, which is illustrated in Figure 3 .
The layer 3 structures are attached to the edges of the proximal tibia and fibula and distal femur [1] . The coronary, or meniscotibial, ligament extends from the lateral joint capsule to the inferior peripheral margin of the lateral meniscus [1] . There is a hiatus in part formed by this ligament through which the popliteus tendon courses. Superficial and deep divisions of the joint capsule are separated by the lateral geniculate artery, a division of the popliteal artery [1, 3] . The superficial capsular division encompasses the FCL, ending posteriorly at the FFL. The deep capsular division forms the coronary ligament, ending posteriorly at the arcuate ligament [1] .
The FCL is the most important structure of the posterolateral corner in limiting varus stress [2, 3] . The FCL originates at the lateral aspect of the lateral femoral condyle. Distally, it inserts on the upper facet of the fibular head anterior and lateral to the FFL and arcuate ligament [2,4e6] ( Figure 2 ). The distal fibers of the FCL and biceps femoris tendon form a conjoined tendon with a bursa between the 2 structures [2,3,5] ( Figure 2B ).
The popliteus tendon, popliteus muscle, popliteomeniscal fascicles (PMF), and PFL together prevent posterior translation of the proximal tibia, varus angulation, and external rotation while stabilizing the lateral meniscus [2] . The popliteus tendon is found between the lateral meniscus and the Anteroposterior radiograph of the knee shows the fibular collateral ligament (FCL) (1), the most important structure in the posterolateral corner in limiting varus stress. The popliteofibular ligament (2) arises from the popliteus tendon about its myotendinous junction and inserts onto the posterior aspect of the fibular styloid. The popliteus muscle and tendon are also shown (3). (B) Lateral radiograph of the knee shows the FCL (1) forming a conjoined tendon (4) with the biceps femoris tendon (5) . Other layer 3 structures shown are the popliteus tendon (3); popliteofibular ligament (2) , which connects the popliteus tendon to the fibular head; the fabellofibular ligament (6); and the arcuate ligament (7) . This figure is available in colour online at http://carjonline.org/. Figure 4 . Popliteus tendon at the lateral aspect of the knee shown on PD-w fat saturated magnetic resonance (MR) images. (A) Coronal MR image shows the popliteus tendon (solid arrow). This tendon inserts onto the lateral femoral condyle and then joins the popliteus muscle. Also seen is the PFL (dashed arrow), which arises from the popliteus tendon about its myotendinous junction and inserts onto the fibular styloid. (B) In a different patient, axial MR image shows the popliteus tendon (solid arrow) located deep to the FCL (arrowhead). Also shown is the biceps femoris myotendinous junction (open arrow), which is located superficial and posterior to the FCL. joint capsule [7] (Figures 4 and 5 ). It originates on the anterolateral femoral condyle at the popliteal sulcus where it is intra-articular, descends inferiorly and medially, becomes extra-articular as it passes the posterior horn of the lateral meniscus at the popliteal hiatus sending off 2-3 PMFs ( Figure 6 ), and then joins the popliteus muscle at the posteromedial surface of the proximal tibia [2, 5] . The sheath of the popliteus tendon normally communicates with the knee joint. The popliteus tendon is attached to the lateral meniscus by the PMFs and to the fibular head by the PFL [2, 4, 7] . The PMFs allow the popliteus tendon to pass from the intraarticular to the extra-articular compartment while maintaining knee joint integrity [8] . The PMFs also stabilize the lateral meniscus by preventing hypermobility of the posterior horn. The anteroinferior and posterosuperior PMFs are constant, however the most medial posteroinferior PMF is variably present [8] . The PMFs are meniscocapsular extensions that form the floor and roof of the popliteal hiatus before extending to the musculotendinous region of the popliteus tendon [2, 8] . The PFL is located deep to the arcuate ligament, arises from the popliteus tendon proximal to its myotendinous junction, and inserts onto the fibular styloid [2, 4] ( Figure 4A ). An inverted Y-shaped musculotendinous structure is formed by the popliteus tendon and the PFL and serves as a major contributor to the posterolateral corner stability [4] .
Seebacher et al [1] found that the posterolateral joint capsule was most commonly reinforced by both the arcuate ligament and FFL in approximately 67% of cases ( Figure 3B ). These 2 structures are static stabilizers of the knee, resisting external rotation, varus angulation, and posterior translation [2] . Both ligaments insert onto the apex of the fibular styloid process [1] . The arcuate ligament is a Y-shaped structure that arises from the posterior aspect of the joint capsule and has medial and lateral limbs [2, 4, 5] (Figure 7 ). From the fibular styloid process, the medial (arcuate) limb passes above the popliteus tendon and attaches to the posterior knee capsule. The lateral (upright) limb also arises from the fibular styloid process, runs in close relationship with the lateral capsule, and finally attaches on the lateral femoral condyle [2, 6] . The FFL courses from the fabella, a small sesamoid bone within the lateral head of the gastrocnemius muscle, to insert onto the fibular styloid process [4, 5] ( Figure 5 ). If a fabella is not present, the FFL attaches to the posterolateral aspect of the lateral femoral condyle [2] . There is an inverse relationship between the size of the fabella/FFL and size of the arcuate ligament. When a large fabella is present, Seebacher et al [1] found no arcuate ligament and instead a robust FFL.
The anterolateral ligament (ALL) is an additional recently described ligamentous structure at the lateral aspect of the knee, named by Vieira et al [9] (Figure 8 ). The ALL represents the capsular-osseous portion of the iliotibial band which prevents anterolateral subluxation of the tibia [9] . This ligament originates at the lateral femoral condyle between the FCL and popliteus tendon, takes an anteroinferior course, and then bifurcates just above the lateral inferior geniculate artery [10] . The ALL splits into 2 meniscal and tibial branches, with the meniscal branch inserting onto the lateral meniscal body and the tibial branch inserting onto the lateral tibial condyle just below the plane of the lateral tibial plateau near the iliotibial tract [10] . Helito et al [10] identified at least a portion of the ALL in approximately 98% of 39 cases studied.
Medial Supporting Ligamentous Structures
The medial supporting ligamentous structures of the knee are divided into 3 layers [11, 12] (Figure 9 ). Layers 1 and 2 are fused anteriorly, with layers 2 and 3 fused posteriorly [12] . The structures at the medial side of the knee may be divided into anterior to posterior regions as well [13] .
Layer 1, the superficial layer, consists of the crural fascia. The crural fascia is continuous with the vastus medialis muscle fascia anterosuperiorly, blends with layer 2 anteriorly to form the medial patellar retinaculum, and is continuous with the sartorius muscle posteriorly [12] (Figures 9 and 10A ).
Layer 2 consists of the superficial portion of the medial collateral ligament (MCL), also commonly called the tibial collateral ligament, and is shown in Figure 10B . The MCL is the largest ligamentous structure at the medial aspect of the knee. The superficial fibers of this ligament attach slightly proximal and posterior to the centre of the medial femoral condyle. Distally, the superficial MCL attaches to the tibia in 2 locations. One attachment is primarily to soft tissues over the semimembranosus and the other attachment is directly to the proximal tibia approximately 5-7 cm distal to the joint line [14] . The superficial MCL consists of longitudinal anterior fibers and oblique posterior fibers [6] . The posterior fibers are fused with layer 3 along the posterior third of the knee joint and the conjoined structure forms the posterior oblique ligament (POL) [12, 13] ( Figure 10A ). Layer 3 is shown in Figure 11 and consists of the joint capsule, the deep portion of the MCL, which is also called the mid-third medial capsular ligament, the meniscofemoral and meniscotibial ligaments, and the patellomeniscal ligament. These ligaments represent a thickening of the medial joint capsule and firmly adhere to the superficial MCL fibers posteriorly [14] . The MCL bursa and variable amounts of fatty tissue are found between the superficial and deep layers of the MCL [12] . The meniscofemoral ligament attaches to the femur just distal and deep to the superficial MCL attachment. The meniscotibial ligament attaches to the edge of the articular cartilage of the medial tibial plateau. The medial patellomeniscal ligament attaches to the medial margin of the patella and courses to the anterior horn of the medial meniscus, deep to the inferior portion of the medial patellofemoral ligament (MPFL), which blends with the medial patellar retinaculum and is described in detail in the next section on the extensor compartment [15] .
An illustration of the main posteromedial structures of the knee are shown in Figure 12 . The POL, semimembranosus tendon insertion, posterior third of the medial meniscus, the oblique popliteal ligament (OPL), and the meniscotibial ligament comprise the posteromedial corner of the knee [13] .
The POL is made up of 3 components named the superficial, central (tibial), and capsular arms [14] . Proximally, the POL attaches to the adductor tubercle of the femur. The central arm attaches to the posterior horn of the medial meniscus close to the articular margin of the posterior aspect of the proximal tibia. The capsular arm of the POL blends with the posterior joint capsule and capsular arm of the distal semimembranosus tendon. The superficial arm of the POL blends with the semimembranosus tendon sheath and inserts onto the medial proximal aspect of the proximal tibia [13] .
The distal semimembranosus tendon has 5 arms named the anterior (or tibial and pars reflexa), direct, capsular, inferior (or popliteal), and OPL [6] ( Figure 12B ). These arms are intimately intertwined with the POL in a basketweavetype pattern reinforcing the posteromedial capsule before attaching to the proximal tibia [13, 16] (Figure 12) .
The OPL has also been reported as a posteromedial corner structure that may play a significant role in preventing knee hyperextension [17] (Figure 13 ). The OPL crosses the posterior joint line and is the largest capsular structure at the posterior aspect of the knee. It is formed medially by an expansion of the semimembranosus tendon and capsular arm of the POL. The OPL then continues laterally as a broad fascial band at the posterior aspect of the knee where it has 2 attachmentsdthe proximal lateral attachment to an osseous or cartilaginous fabella, meniscofemoral portion of the posterolateral joint capsule, and plantaris muscle; and the fibrous distal lateral attachment to the lateral aspect of the posterior cruciate ligament facet on the posterior aspect of the tibia [18] .
Extensor Compartment
The quadriceps muscle and tendon, patellofemoral joint, patellar tendon, and medial and lateral patellar retinacula comprise the extensor compartment of the knee [19, 20] .
The patella is a sesamoid bone contained within the quadriceps and patellar tendons. A vertical ridge divides the patellar articular surface into smaller medial and larger lateral facets, with an additional more medial odd facet variably present [20] . The articular surface of the patella is covered by the thickest articular cartilage in the human body, however the lower 25% of the patellar surface is nonarticular [20] . The patellofemoral joint is formed by the posterior surface of the patella articulating with the trochlear groove along the anterior surface of the femoral condyles [21] . Between 30 and 90 of flexion, the patella engages the trochlea [22] , with maximal instability of the patellofemoral joint occurring as the knee approaches full extension [19] . The function of this joint is to displace the fulcrum of motion of the extensor mechanism of the femur to increase the force of the quadriceps muscle in extending the knee [22] . Maximum contact between the patella and trochlea occurs at 45 of flexion [23] . The patella is stabilized by both bony and soft tissue restraints [22, 23] . The bony restraints include patellar shape and trochlear groove.
The soft tissue restraints of the extensor mechanism of the knee are illustrated in Figure 14 . The active soft tissue restraint is provided by the quadriceps muscle including the vastus lateralis, vastus medialis, vastus intermedius, and rectus femoris muscles. The medial and lateral vastus muscles provide dynamic stability. The 4 parts of the quadriceps muscles combine to form the quadriceps tendon and insert onto the superior border of the patella (Figures 14 and 15A) . The rectus femoris forms the most anterior layer of this structure, the vastus medialis and lateralis represent the middle layer, and the vastus intermedius forms the deepest layer [20] .
The vastus medialis obliquus (VMO), formed from the inferior aspect of the vastus medialis muscle, provides the major mediolateral stabilizing force on the patella and neutralizes the lateral force of the vastus lateralis muscle during quadriceps contraction. The VMO runs from the adductor magnus tendon to the medial retinaculum and superomedial patellar border [20] (Figures 14, 15B, and 15C) . The VMO blends with the patellar third of the MPFL close to its patellar insertion [24, 25] .
Tendinous fibers from the medial and lateral vastus muscles form the medial and lateral patellar retincula ( Figure 15, B and C) . These provide mediolateral stability to the patella during flexion and extension [20] . The major passive soft tissue restraint of the patella is the MPFL, a fascial thickening of the deep layer of the medial retinaculum ( Figure 15B ). It originates from the adductor tubercle of the medial femoral epicondyle and inserts onto the superior two-thirds of the medial aspect of the patella [22, 23, 25, 26] . The MPFL is located just distal to the VMO. On gross dissection, the MPFL is impossible to separate from the medial patellar retinacular fibers.
The patellar tendon extends from the inferior pole of the patella to the tibial tubercle ( Figure 15A ). It is mainly (2) . The arms of the semimembranosus tendon (3) are intimately intertwined with the arms of the POL before attaching to the tibia to provide stability to the knee. Also shown is the medial patellofemoral ligament (4). (B) Sagittal PD-w magnetic resonance image of the knee shows the inferior, or popliteal, arm (arrow) and the closely apposed tibial, or anterior, and direct arms of the semimembranosus tendon (arrowhead). This figure is available in colour online at http://carjonline.org/. composed of fibers of the rectus femoris muscle and normally measures approximately 5 cm in length. It limits movement of the patella proximally to 10 mm [24] .
The prepatellar quadriceps continuation is a thin aponeurotic covering adherent to and located anterior to the patella. This structure represents the fibers of the rectus femoris tendon that connect the quadriceps and patellar tendons [27] . A small amount of fibrocartilage at the prepatellar quadriceps continuation is found, which may serve to reduce friction and allow isolated traumatic separation of the prepatellar quadriceps continuation from the patella without involving the quadriceps or patellar tendons [27] .
Supporting Capsular Structures of the Proximal Tibiofibular Joint
The proximal tibiofibular joint is an inherently stable joint, with the fibula bearing approximately one-sixth of the axial load of the leg [28] . The fibular head articulates with the posterolateral border of the proximal tibia [23, 29, 30] . A fibrous joint capsule surrounds and stabilizes the proximal tibiofibular joint [31] with the aid of anterosuperior and posterosuperior tibiofibular ligaments [32] connecting the fibular head to the anterior and posterior aspects of the lateral condyle of the tibia (Figure 16 ). The FCL also provides support to the proximal tibiofibular joint, extending from the lateral aspect of the fibular head to the lateral femoral condyle [31] .
Neurovascular Structures of the Knee
The normal neurovascular structures at the posterior aspect of the knee joint are demonstrated in Figure 17A . The popliteal artery is susceptible to injury during a knee dislocation ( Figure 17A ). This artery usually bifurcates into the anterior and posterior tibial arteries at the inferior margin of the popliteus muscle. Proximally, it is tethered by the adductor hiatus of the thigh. Distally, it is tethered by the fascial arch of the proximal soleus muscle [33] .
An aberrant anterior tibial artery is found in approximately 2% of the population [34] and may predispose one to be at greater risk of vascular injury ( Figure 17B ). In these cases, the aberrant anterior tibial artery arises from the popliteal artery just above the level of the tibial spines, passes ventral to the popliteus muscle, and fixes itself against the posterior cortex of the tibia before passing through the interosseous membrane and into the anterior leg. This vessel can be seen on MR imaging between the tibia and popliteus muscle while the popliteal artery is present posterior to the popliteus muscle. Figure 13 . Oblique popliteal ligament (OPL) on axial T1-weighted magnetic resonance image of the knee. The OPL is a posteromedial corner structure, which may play a significant role in preventing knee hyperextension. The structure crosses the posterior joint line (arrows) and is the largest capsular structure at the posterior aspect of the knee, formed medially by an expansion of the semimembranosus tendon and capsular arm of the posterior oblique ligament. The OPL then continues laterally with 2 attachments: 1) osseous or cartilaginous fabella, meniscofemoral portion of the posterolateral joint capsule, and plantaris muscle; and 2) lateral aspect of the posterior cruciate ligament facet on the posterior aspect of the tibia. Figure 14 . Drawing of the soft tissue restraints of the knee superimposed on lateral knee radiograph. Passive restraints include the medial patellofemoral ligament (1), patellar tendon (2), and medial and lateral retinacula (3). Active restraints include the quadriceps muscle, predominantly the vastus medialis obliquus (4), and quadriceps tendon (5) . Also depicted is the superficial medial collateral ligament (6) . This figure is available in colour online at http://carjonline.org/.
The tibial nerve is the larger branch of the sciatic nerve and runs posterior to the knee joint ( Figure 17A ). This nerve gives off multiple branches in the popliteal fossa, including branches to the gastrocnemius, popliteus, soleus, and plantaris muscles [35] . As it leaves the popliteal fossa, the tibial nerve courses between the medial and lateral heads of the gastrocnemius muscle anterior to the fibrous sling of the soleus muscle [35, 36] .
The common peroneal nerve, also called the common fibular nerve, is another branch of the sciatic nerve ( Figure 17A ). Reebye [37] demonstrated some anatomic variability of the common peroneal nerve and its branches. In most cases, the nerve descends along the lateral aspect of the popliteal fossa, courses between the biceps femoris tendon and lateral head of gastrocnemius, wraps around the fibular head, then branches into the superficial peroneal nerve, deep peroneal nerve, and recurrent tibial nerve [37] . At the region of the fibular neck, it is fixed to the bone by connective tissue and therefore subjected to severe traction in some cases of knee dislocations as it is immobilized in this region [38, 39] . 
Conclusion
The capsular ligamentous structures of the knee joint are complex. They contribute to stability of the knee joint and are frequently injured. Knowledge of normal MR imaging findings and function of the capsular ligamentous structures and the adjacent basic neurovascular anatomy of the knee joint is essential in further understanding of their potential traumatic injuries.
